IMPORTANCE Intraocular collamer lenses (ICLs) are posterior chamber phakic lenses that provide a refractive surgery option for those with high myopia or astigmatism. The short-term and midterm results indicate good refraction stability, efficacy, and safety. Cataract has been suggested to be an important long-term complication of ICL implantation.
F or patients with high ametropia or thin cornea, refractive surgery options are limited; in this case, implantation of artificial intraocular phakic lenses is often a preferred option. [1] [2] [3] [4] [5] In younger patients, implantation of artificial intraocular phakic lenses allows the retention of the crystalline lens and accommodation, without altering the corneal biostructure. 4 Three types of phakic intraocular lenses exist:
anterior chamber angle-fixated lens, anterior chamber irisfixated lens, and posterior chamber sulcus-fixated lens. Alió et al 6 reported high rates of cataract (64%), endothelial cell loss (24%), and pupil ovalization (10%) with anglesupported phakic intraocular lenses. The detrimental effects on the endothelium with this lens type ultimately result in penetrating endothelial keratoplasty. Anterior chamber irisfixated lenses have had greater success in terms of astigmatism correction, where the iris claw prevents rotation. A meta-analysis 7 comparing this model type with the posterior implantable collamer lens (ICL; Staar Surgical AG) revealed similar efficacy and better predictability but more cataract development with the posterior ICL, particularly in the V2 and V3 models; however, iris claw lenses have been associated with continuous endothelial cell loss. The V4 model ICL was introduced in 1998 and is the sole sulcus-supported model approved by the US Food and Drug Administration. The short-term and midterm outcomes after V4 model ICL implantation in myopic eyes have revealed good safety, efficacy (of attaining desired manifest refraction), predictability (of lens strength required postoperatively), and refraction stability over time. 2, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, to our knowledge, there are only 2 reports 20,21 on outcomes after 5 years.
Schmidinger et al 20 reported outcomes on cataract and vault height (distance between the posterior ICL surface and anterior lens surface) at a mean of 96 months after ICL implantation; in this report, 20 17% of cases required phacoemulsification during follow-up, and an additional 28% presented with lens opacity. Igarashi et al 21 reported that, at 8 years after ICL implantation, 5% of cases required phacoemulsification and an additional 20% presented with lens opacity. These reports, among others, [20] [21] [22] [23] [24] [25] indicate that cataract is an important long-term complication of ICL implantation, especially in eyes with limited vaulting. 20, 23, 26 The aims of this study are to report the rate of complications, particularly with cataract (lens opacity and phacoemulsification), and investigate the association with vaulting. In addition, we aimed to report the safety, efficacy, predictability, and stability at set postoperative time points (1, 2, 5, and 10 years) in a large cohort of patients with myopia who have undergone ICL implantation (V4 model) and to compare these results with those available in the literature.
Methods
This retrospective study was approved by the Cantonal Committee for Ethics and Human Research, Vaud, Lausanne, and adhered to the tenets of the Declaration of Helsinki. 27 All (n = 133) V4 model ICL implantations performed at Jules-Gonin Eye Hospital in Lausanne, Switzerland, from January 1, 1998, ), no previous intraocular surgery or history of ocular hypertension or uveitis or preexisting ocular disease (eg, glaucoma), and no history of diabetes mellitus. The surgical technique has been previously described. 1 A large proportion of eyes (n = 73) were operated on before the introduction of the V4 model toric ICLs and sufficiently strong ICL powers; therefore, the inserted lens was not aimed at achieving emmetropia in a proportion of these eyes. A subgroup analysis was performed on those eyes ( n = 60) intended for emmetropia.
Preoperative examination, including slitlamp examination with intraocular pressure (IOP) assessment, corrected distance visual acuity (CDVA), uncorrected distance visual acuity (UDVA), manifest refraction, biometry (IOLMaster, Carl Zeiss Meditec Inc), and ECD assessment with the noncontact specular microscope, was performed with 2 devices (from 1998 until 2007, EM-3000, Tomey; and from 2007 on, Seaeagle, Rhine-Tec GmbH).
Lens Calculation
The calculation of the power of the lenses was made by Staar Surgical AG based on the measurements of manifest refraction and refraction after cycloplegy, keratometry (ARK-700 A [Nidek Co Ltd] or IOLMaster), pachymetry, and anterior chamber depth (Haag-Streit depth-measuring system 720 0018 [Haag-Streit] or IOLMaster). The length of the implanted ICL was determined by Staar Surgical AG, depending on the white to white distance, measured with the use of callipers on digital images taken with a Scheimpflug camera (Nidek Co Ltd).
Postoperative Follow-up
All available data from postoperative visits performed at 6 months and 1, 2, 5, and 10 years postoperatively were collated. Follow-up examinations included a full slitlamp examination with IOP, CDVA, UDVA, and manifest refraction. During follow-up, the crystalline lens and the ICL were periodically photographed with the Scheimpflug camera, with dilated pupils, allowing full visualization of the crystalline lens. The central vault height was measured on photographs taken by the
Key Points
Question: What are the long-term outcomes of patients with myopia and posterior phakic intraocular collamer lens (ICL) in situ?
Findings: In a retrospective review of consecutive patients with an ICL, the observed rate of phacoemulsification increased from 4.9% at 5 years to 18.3% at 10 years after ICL implantation and 13% of eyes developed ocular hypertension that required topical therapy at 10 years.
Meaning: The elevated risk of ocular hypertension and lens opacity after ICL implantation dictates that regular follow up of these patients is mandatory.
Statistical Analysis
At the study center, visual acuity was recorded in decimal format; therefore, the visual acuity was converted to logMAR to calculate mean values and subsequently reconverted into decimal format. All available visit data were collected and grouped with respect to the closest time point. If more than 1 visit was available within a given grouping, then the visit data closest to the given time point were used in the analysis. Baseline and follow-up data at each time point for the cohort were compared using analysis of variance (ANOVA). The patient identification number and eye were entered into the model to account for intereye correlations. For lens opacity survival analysis, the time from ICL implantation until lens opacity was first noted was calculated; if no lens opacity was noted, the data were censored at the last available visit. For phacoemulsification survival analysis, the time from ICL implantation until phacoemulsification was calculated; if no phacoemulsification was performed for those eyes with less than 10 years of follow-up data available, the data were censored at the last available visit.
Results
A total of 133 eyes of 78 patients (34 men and 44 women) met the inclusion criteria; the baseline characteristics are provided in Table 1 . Seventy-five eyes (56.4%) from 45 patients were examined at the 10-year follow-up appointment, an additional 15 eyes (11.3%) had undergone phacoemulsification, and 43 eyes (32.3%) were lost to follow-up at 10 years. In the eTable in the Supplement, eyes with and without 10 years of follow-up were compared. Of age, IOP, ECD, and spherical equivalent, only spherical equivalent revealed a significant difference in baseline characteristics. The implanted ICL models were 53 V4 model ICLs of −15.5 diopter (D) or greater, 73 V4 model ICLs of less than −15.5 D, and 7 V4 model toric ICLs for myopia. Sixty eyes were aimed at emmetropia; these are referred to as the emmetropic group.
Safety Outcome (All Eyes)
Decimal CDVAs are provided in Table 2 . The mean (SD) safety indexes (mean postoperative CDVA divided by mean preoperative CDVA) were 1.42 (0.51), 1.46 (0.61), 1.43 (0.52), 1.42 (0.57), and 1.25 (0.57) at 6 months and 1, 2, 5, and 10 years, respectively. Ten years postoperatively, 1 eye had lost 3 lines, 3 eyes had lost 2 lines, 7 had eyes lost 1 line, and the rest of the eyes were equal or better than preoperative measurements. These findings are summarized for all time points in Figure 1 . The mean logMAR CDVAs were 0.04, 0.01, 0.01, 0.04 and 0.05 at 6 months and 1, 2, 5 and 10 years, respectively.
Efficacy Outcome (Emmetropic Group Only)
Decimal UDVAs are provided in Table 2 for all time points. In the emmetropic subgroup analysis, the mean (SD) efficacy indexes (mean postoperative UDVA divided by mean preoperative CDVA) were 1.03 (0. 
Predictability (Emmetropic Group Only)
In the emmetropic subgroup analysis, at 6 months and 1, 2, 5, and 10 years, 31 
Stability (All Eyes)
The spherical equivalent was stable throughout follow-up. At 6 months and 1, 2, 5, and 10 years after surgery, the mean manifest spherical equivalent was −0.4, −0.5, −0.7, −0.8, and −0.7 D, respectively, in the group aimed at achieving emmetropia, and the manifest spherical equivalent was −0.3, −0.5, −0.8, −0.9, and −1.1, respectively, in the whole group. Although there were significant changes in spherical equivalent during the first year (P = .007, ANOVA), there was no change in the spherical equivalent observed with longer follow-up.
Complications
Eighteen eyes were observed to have an early complication (<1 year) after ICL implantation, 10 eyes had transient elevated IOP postoperatively, and 1 eye had excessive anterior chamber inflammation (suspected toxic anterior segment syndrome). Four eyes had peripheral contact between the ICL and lens; 1 eye developed myopic choroidal neovascularization. One patient had excessive glare, but this resolved after surgical reduction of the iridectomy. In the late postoperative phase (>1 year), 20 complications were observed in 19 eyes. Two eyes of 2 patients developed myopic choroidal neovascularization 1.6 and 11.2 years after ICL implantation. One eye of 1 patient developed central atrophy of the pigment epithelium 2.8 years after surgery, and 1 eye of 1 patient developed a retinal hole Copyright 2016 American Medical Association. All rights reserved.
5.6 years after surgery. There were 16 cases of ocular hypertension controlled with IOP-lowering treatment, developing a mean of 7.3 years (range, 1.4-12 years) after implantation; at 10 years, this corresponds to a rate of 13% (95% CI, 6%-20%).
The survival curve and risk table summarizing these occurrence rates at each year are given in eFigure 1 in the Supplement. In these eyes, excessive vault heights were not observed (403 μm on a mean of 190-740 μm), but pigmentation was observed in the iridocorneal angle. The IOP at each time point is provided in Table 2 . Comparing the postoperative IOP and the preoperative measures, only IOPs at 10 years had a significant increase from baseline (P = .02, ANOVA).
ECD Estimates
The median ECD estimates are provided in Table 2 . Changes in ECD between 6 months and 1, 2, and 5 years of 25, 100, and 75 cells/mm 2 , respectively, were observed, but these changes were not statistically significant (paired t test, P = .49, .14, and Vaulting, Lens Opacity, and Phacoemulsification (All Eyes)
Vaulting was a mean (SD) of 426 (344) μm at 2 years postoperatively. This height decreased significantly to 213 (169) μm at 10 years (P = .01, ANOVA; eFigure 2 in the Supplement). In those eyes that required phacoemulsification during followup, a mean (SD) reduction in vaulting from 307 (237) μm to 82 (111) μm before phacoemulsification and ICL extraction occurred. In those eyes with lens opacity observed at the slitlamp examination, the mean (SD) vaulting was 378 (314) μm, decreasing to 184 (131) μm at 10 years postoperatively. In the clear lens group, mean (SD) vaulting was 548 (366) μm after implantation, decreasing to a mean (SD) of 229 (177) μm at 10 years postoperatively. The rate of lens opacity development was 40.9% (95% CI, 32.7%-48.8%) and 54.8% (95% CI, 44.7%-63.0%) at 5 and 10 years, respectively. Phacoemulsification was performed in 6 eyes (4.9%; 95% CI, 1.0%-8.7%) and 18 eyes (18.3%; 95% CI, 10.1%-25.8%) at 5 and 10 years after ICL implantation. Figure 2 shows the Kaplan-Meier curves of development of lens opacity and cataract surgery over time, with the corresponding at-risk table given below each. One eye of 1 patient developed cataract within the first postoperative year. In this case, the ICL fit had been unsatisfactory and required a corrective surgery; however, during correction there was capsular touch, which resulted in early postoperative cataract and phacoemulsification. No other intraoperative complications were observed. After the correlation between eyes had been accounted for (ANOVA), the relationship between vaulting and lens opacity (P = .008) and phacoemulsification (P = .005) was significant.
Discussion
This study reports the outcomes and complications 10 years after ICL implantation. A significant proportion of eyes developed lens opacity, resulting in approximately one-fifth of eyes undergoing cataract and ICL extraction during the first 10 years after ICL implantation. The rates of lens opacity and phacoemulsification increased with time. This trend coincides with trends reported in the literature on lens opacification: 3% of eyes at 1 year, 11 4% to 11% at 2 years, 2,10,13,14 7% to 13% at 5 years, 25, 26 20% at 8 years, 21 and 28% at 10 years. 20 The higher rate of lens opacity reported in this study may be owing to the wider view under full dilation and detection of peripheral lens opacity (eFigure 3 in the Supplement). The rates of phacoemulsification are more similar to those previously reported: 2% to 4% at 2 years, 2,10 2% at 5 years, 25 5% at 8 years, 21 and 17% at 10 years. 20 Study results indicate that cataract formation is a frequent complication of ICL implantation, continuing to develop up to 10 years after ICL implantation. This is a retrospective study, with associated limitation with respect to potential sources of bias; for example, this cohort of consecutive cases dates from 1998 and, as such, includes some highly myopic and astigmatic eyes for which sufficiently powered or toric ICLs were not available, limiting the possible correction. We tried to control for these confounders by selecting the emmetropically aimed eyes. However, during the past 15 years, lens power calculations have improved, and it is acceptable that our study reports a lower efficacy and predictability compared with publications that report the outcomes of more recently performed operations (with shorter follow-up). Of importance, good stability of refraction and high safety rates were observed during the long-term follow-up; however, this limitation remains a possible source of bias. In , and a greater proportion of these eyes had undergone phacoemulsification and therefore were not available for the 10-year follow-up. Data are insufficient to examine this in detail; however, the change in ICL geometry required for very high-powered lenses is a potential source of bias. As previously reported, eyes that developed lens opacity or required cataract extraction had lower baseline vault heights than eyes that maintained a clear lens. 23 This finding was later confirmed by Schmidinger et al. 20 A reduction in vault height with time was observed in the study eyes, with the vault height decreasing by 26.8 μm per year. Likewise, Schmidinger et al 20 reported a reduction in vault height of 28 μm per year. Furthermore, a reduction in vault height over time was observed (subjectively) by Igarashi et al. 21 In eyes that maintained clear lens after ICL implantation, Lackner et al 16 reported a vault of 355 μm. Schmidinger et al 20 reported a mean vault height of greater than 300 μm at 10 years. Considering the reduction in vault height over time, to maintain an adequate vault height in the long term (>10 years), the immediate vault height after surgery should be greater than 550 μm. The long-term safety of the ICL procedure reveals safety indexes greater than 1 throughout follow-up ( Table 3) . On the basis of a sample size of 133 eyes, we can be confident that complications will not occur more than 2.3% of the time. In short-term to midterm follow-up, ECD loss of 7% to 12% was observed.
10,14, [16] [17] [18] 21 This reduction was observed immediately after surgery (1 month) and maintained during the postoperative follow-up and is similar to the effect of the surgical trauma associated with cataract surgery on ECD. 29, 30 However, the ECD loss after cataract surgery stabilizes as early as 6 weeks postoperatively. 30 This stabilization coincides with the results of ICL implantation observed in previous reports.
10,14,21
To our knowledge, after the first year, no significant loss in ECD has been observed. In this cohort, an increase in ECD estimates was observed 10 years after surgery, which we believe to be related to a change in device that occurred during follow-up at our institution, but this outcome would at least suggest that a large loss in ECD is not present. There were 10 cases of transient hypertension in the immediate postoperative phase that resolved during year 1, likely owing to remnants of viscoelastic devices and steroid responders. No cases of acute glaucoma owing to angle block were observed in this cohort. In alternative reports 9,10,14, 21, 31 with shorter follow-up, the incidence of chronic glaucoma ranged from 0% to 5%. No cases of chronic glaucoma were observed in this cohort. The mean IOP remains stable throughout follow-up. 10, 14, 21 With the longer follow-up reported in this study, a significant proportion of study eyes with pigmentation in the iridocorneal angle and ocular hypertension requiring IOP-lowering medication was observed. To our knowledge, to date, cases of ocular hypertension requiring treatment have not been discussed, making comparison impossible. 21 Nonsurgical refractive correction in patients with high myopia remains the first treatment option. In cases of contact lens intolerance or poor visual quality, refractive surgery, such as ICL implantation, may provide a suitable solution. The amount of correction with phakic intraocular lenses is not limited by corneal thickness, and the biostructure is preserved. 32 Iris-fixated phakic intraocular lenses and posterior ICLs are preferable to clear lens extraction owing to premature loss of accommodation and increased probability of retinal detachment in this high-risk group. 33 Because the mean age was 38 years at implantation and 83% of cases retained their natural lens at 10 years postoperatively, most cases will have developed presbyopia before phacoemulsification is required.
Conclusions
This study confirms that ICL implantation provides good longterm safety and stability of refraction in patients with high myopia. There is a larger than expected rate of lens opacity and phacoemulsification, which continues to increase up to 10 years after surgery. The rates of ocular hypertension are greater than previously reported. These outcomes have important clinical implications, and, as such, this information should be part of the available patient information before ICL implantation.
